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INTRODUCTION 


Research  Project  Description 

Men  with  prostate  cancer,  in  particular  those  with  advanced  local  disease,  benefit  from  dose 
escalation.  The  main  objective  of  the  DOD-PC-030909  is  to  exploit  the  ability  of  Magnetic 
Resonance  Imaging  combined  with  Magnetic  Resonance  Spectroscopy  imaging  (MRI/MRSI)  to 
identify  cancer  regions  within  the  prostate  and  to  target  those  regions  with  a  higher  tumor 
burden  with  higher  dose  without  compromising  the  dose  coverage  of  the  prostate  and  the 
protection  to  the  urethra,  rectum  and  bladder  for  prostate  cancer  patients  treated  with  HDR 
brachytherapy. 

The  feasibility  of  a  comprehensive  approach  that  incorporates  MRI/MRSI  (anatomical  and 
functional  imagining)  into  the  HDR  brachytherapy  treatment  planning  has  been  demonstrated. 
Using  the  inverse  planning  program  IPSA,  dose  escalation  of  target  regions  with  a  higher  tumor 
burden  can  be  performed  without  increasing  the  dose  to  critical  normal  structures.  This  is  the 
first  trial  using  both  MR  imaging  and  functional  imaging  MRSI  for  HDR  brachytherapy  planning. 

Three  main  tasks  were  identified  to  fulfill  the  aims  of  this  project: 

Task  1:  To  determine  the  need  for  alignment  and  to  establish  alignment  methods  for  MRI/MRSI 
data  to  HDR  brachytherapy  treatment  planning  MRI  and  CT  images. 

Task  2:  To  elaborate  class  solutions  (a  set  of  optimization  constraints)  appropriate  for  DIL 
boosts  of  the  order  of  150%  of  the  prescribed  dose  and  protection  for  the  penile  bulb  and  the 
neuro-vascular  bundle  valid  for  90%  of  the  cases. 

Task  3:  To  perform  feasibility  and  short-term  measures  of  improved  effectiveness  and 
decreased  side  effects  of  performing  the  proposed  treatment  planning  protocol  in  a  small  cohort 
of  patients. 

The  information  provided  in  this  annual  (final)  report  supports  the  following: 

Task  1 :  Completed,  (except  for  alignment  of  the  non-endorectal  MR 

images  to  the  treatment  planning  CT,  pending  patient  enrollment) 

Task  2:  Completed 

Task  3:  Initiated 


The  period  of  performance  has  been  extended  for  one  year,  until  May  25th,  2010.  Patient 
enrollment  will  continue. 


BODY  SECTION 


MRI/MRSI  is  used  to  differentiate  between  normal  and  malignant  prostate  and  define  cancer- 
validated  Dominant  Intra-prostatic  Lesions  (DIL). 

In  the  previous  annual  reports,  we  have  described  the  research  accomplishments  related  to  the 
three  following  topics: 

-  Endorectal  coil  probes  for  prostate  MRI:  Assessments  of  tissue  distortions  and  image 
alignments 

-  Registration  of  MR  prostate  images  with  biomechanical  modeling  and  nonlinear  - 
parameter  estimation 

-  Class  solution  for  Inverse  Planning  for  Dose  Escalation  of  Dominant  Intraprostic 
Lesions 

During  the  current  period,  we  have  focus  our  activities  on  three  aspects, 

1-  Refining  the  image  fusion  procedures 

2-  Initiate  patient  enrollment  and  performing  DIL  boost. 

3-  Quarterly  reports 


KEY  RESEARCH  ACCOMPLISHMENTS 


Class  solution  for  Inverse  Planning  (reported  in  previous  annual  report) 

The  class  solution  was  obtained  for  the  DIL-boost  as  well  as  for  the  sparing  of  the  organs  at 
risk,  including  bladder,  rectum,  urethra  and  penile  bulb. 


MRS/MRI  -  planning  MRI  Registration  protocol  for  Planning  purpose  (reported  in  previous 
annual  report) 

A  double  registration  procedure  was  established  to  bring  on  a  same  image  the  initial  MR  image, 
the  MR  spectroscopy  information  and  the  planning  image  dataset. 


Refining  the  image  fusion  procedures  (current  period). 

We  have  shown  that  information  from  one  image  data  set  to  another  in  the  series  of  MRS  -> 
MRI  ->  CT  <-  CBCT  can  be  accurately  transferred  and  used  for  the  planning  and  verification  of 
the  dose  delivery  during  prostate  HDR  brachytherapy.  This  workflow  illustrates  the  clinical 
benefit  of  image  registration  tools. 


Initiate  patient  enrollment  and  performing  DIL  boost  (current  period). 

Patient  enrollment  has  been  initiated  in  2008  and  the  first  HDR  delivery  with  DIL  boost  was 
performed  on  September  2008.  Five  patients  were  treated  with  HDR  so  far.  Four  of  these 
patients  had  level  5  DIL,  allowing  DIL  boost  of  at  least  130%.  So  far,  these  results  are  as 
expected  and  very  encouraging.  The  procedure  is  now  well  integrated  clinically  and  the 


brachytherapy  team  has  been  completely  trained.  We  anticipate  a  smooth  continuation  of  the 
protocol  as  patient  enrollment  proceeds.  We  believe  the  results  of  this  research,  once 
completed,  will  greatly  impact  the  treatment  of  prostate  cancer.  The  ability  to  provide  a  higher 
dose  of  radiation  to  regions  of  cancer  within  the  prostate  is  expected  to  improve  the  disease  free 
survival  rate  with  no  additional  side  effects. 


REPORTABLE  OUTCOMES 
Peer-reviewed  Publications 

1)  Class  solution  in  inverse  planned  HDR  prostate  brachytherapy  for  dose  escalation  of 
DIL  defined  by  combined  MRI/MRSI,  Kim  Y.,  Hsu  I.C.,  Lessard  E.,  Kurhanewicz  J.,, 
Noworolski  S.M.  and  Pouliot  J.,  Radiotherapy  and  Oncology,  88(1  ):1 48-1 55;  2008.  Publication 
is  provided. 

2)  Cranio-Caudal  Catheter  Displacement  Between  Fractions  in  CT-Based  HDR 
Brachytherapy  of  Prostate  Cancer,  Kim  Y.,  Hsu  I.  and  Pouliot  J.,  Journ.  of  Applied  Clinical 
Med.  Phys.  8  (4):  1-13;  2007. 

3)  Registration  of  MR  prostate  images  with  biomechanical  modeling  and  nonlinear 
parameter  estimation,  Alterovitz  R.,  Goldberg  K.,  Pouliot  J.,  Hsu  I.C.,  Kim  Y.,  Noworolski  S.M., 
and  Kurhanewicz  J.,  Med.  Phys.  33(2),  446-454;  2006. 

This  work  is  directly  related  to  present  work  (Task  1)  but  not  supported  by  DOD  -PC030909. 

4)  Endorectal  and  rigid  coils  for  prostate  MRI:  Impact  on  prostate  distortion  and  rigid 
image  registration. 

Kim  Y.,  Noworolski  S.M.,  Pouliot  J.,  Hsu  I.C.  and  Kurhanewicz  J.„  Med.  Phys.  32(12);  3569- 
3578,  2005. 

5)  Inverse  Planning  For  HDR  Prostate  Brachytherapy  Use  to  Boost  Dominant  Intra- 
Prostatic  Lesion  Defined  by  Magnetic-Resonance  Spectroscopy  Imaging. 

Pouliot,  J.,  Kim,  Y.,  Lessard  E.,  Hsu,  l-C.  Vigneron  D.  and  Kurhanewicz,  J.  Int.  J.  Radiation 
Oncology  Biol.  Phys.  59  (4)  1196-1207;  2004. 

The  results  of  this  paper  constituted  the  proof  of  principle  presented  to  DOD  to  obtain  the  grant 


Presentations  at  International  Conferences 

Dose  Optimization  for  Image-Guided  Barchytherapy  Robot,  Princess  Margaret  Hospital, 
Toronto,  Ca,  March  31st,  2008. 

Advances  in  Optimization  Strategies,  Physics  Symposium,  Int.  Society  for  Therapeutic 
Radiology  and  Oncology,  Joint  GEC-ESTRO-ISIORT  Meeting,  Montpellier,  May  9-12,  2007. 

Inverse  planning  in  Brachytherapy:  HDR  and  LDR,  VI  Last  Generation  Radiotherapy  Course, 
Sao  Paulo,  Brazil,  Oct.  19,  2006. 


Principles  and  Clinical  Applications  of  IPSA;  Nucletron  International  Physics  Seminar,  Vaals, 
Netherlands,  Sept  13-16,  2006. 


IPSA,  optimization  in  Brachythetrapy,  Basis  and  Principles,  4ieme  semnaire  francophone 
de  curietherapie,  Arcachon,  France,  June  15th,  2006. 


Clinical  experience  with  IPSA  for  prostate  cancer  treatment  in  HDR  Brachytherapy,  4ieme 
seminaire  francophone  de  curietherapie,  Arcachon,  France,  June  15,  2006. 

Advanced  Technologies:  Functional  Imaging,  IMRT  and  IGRT,  NZIMRT  -  AIR  Annual 
meeting,  Aukland,  New  Zealand,  August  27th,  2005. 

Inverse  planning  for  dose  optimization  in  Brachytherapy,  Institut  Gustave-Roussy,  Paris, 
France,  June  28,  2004. 


Presentations  at  National  Meetings 

Multi-Image  Fusions  and  Their  Role  in  Inverse  Planned  HDR  Prostate  Brachytherapy  For 
Dose  Escalation  of  Dil  Defined  by  Combined  MRI/MRSI,  30th  Annual  Meeting  of  American 
Brachytherapy  Society,  Toronto,  May  30th,  2009. 

Interfraction  Adaptive  Strategy  for  multiple  lumen  HDR  Brachytherapy,  Essentials  in 
Brachytherapy,  Scottsdale,  Az,  May  2nd,  2009. 

Image  fusion  and  its  role  in  dose  optimization  for  HDR  brachytherapy,  Nucletron  Education 
Lunches,  Houston,  Tx,  July  27th,  2008. 

New  advances  in  Brachytherapy  Physics,  27th  Annual  Meeting  of  American  Brachytherapy 
Society,  Philadelphia,  May  12,  2006. 

Advanced  3D  Planning  in  Brachytherapy,  AAPM-ABS  summer  school,  Seattle  July  18-23, 
2005. 

Analysis  of  prostate  deformation  due  to  different  MRI/MRS  endorectal  coils  for  image 
fusion  and  brachytherapy  treatment  planning.  Med.  Phys.31  (6);  1728-1728,  2004 
(Abstract). 

Dose  Constraints  in  Inverse  Planning  HDR  Prostate  Brachytherapy  for  The  Dose 
Escalation  of  DIL  Defined  by  MR  Spectroscopy  Imaging.  Annual  Meeting  of  the  American 
Brachytherapy  Society,  San  Francisco  2005. 

Dose  escalation  using  functional  imaging,  12th  International  Conference  Optimal  Use  of 
Advanced  Radiotherapy  in  Multimodality  Oncology,  Rome,  Italy,  20th  to  23rd  June  2007. 

Advances  in  Optimization  Strategies,  Physics  Symposium,  Int.  Society  for  Therapeutic 
Radiology  and  Oncology,  Joint  GEC-ESTRO-ISIORT  Meeting,  Montpellier,  May  9-12,  2007. 

Dose  Escalation  of  Dominant  Intra-Prostatic  Lesion  Defined  by  Magnetic-Resonance 
Spectroscopy  Imaging  Using  Inverse  Planning  for  HDR  Prostate  Brachytherapy, DOD- 
PCRP-Meeting,  Innovative  Minds  in  Prostate  Cancer  Today  (IMPaCT),  Atlanta  Georgia,  Sept.  5- 
8,  2007.  (Abstract  submitted  for  presentation). 


DETAILS  OF  REPORTABLE  OUTCOMES 


A.  Previous  period 
Class  solutions 

A  class  solution  was  developed  for  dose  escalation  of  a  DIL  defined  by  combined  MRI/MRSI  in 
inverse  planned  HDR  prostate  brachytherapy.  Using  the  class  solution,  a  certain  level  of  DIL- 
boost  is  feasible  for  some  patients  under  RTOG-0321  dosimetric  requirements  depending  on 
rectal  and  bladder  doses.  While  the  target  dose  was  slightly  increased,  the  DIL  dose  was 
noticeable  enhanced  (  on  average,  82%  of  the  DIL  volume  could  receive  150%  of  the  prescribed 
dose)  without  any  violation  of  the  dosimetric  requirements.  With  further  adjustment  of  the  class 
solution,  the  DIL  could  be  boosted  by  150  -  150  for  13  out  of  15  patients  while  satisfying 
dosimetric  requirements.  Hence,  the  established  class  solution  for  a  DIL-boost  is  a  good  starting 
point  to  explore  a  customized  HDR  prostate  brachytherapy  plan  for  a  specific  patient. 

Registration  procedure  between  the  MRSI  and  planning  MRI/CT  images 

A  double  registration  procedure  was  established  to  bring  on  a  same  image  the  initial  MR  image, 
the  MR  spectroscopy  information  and  the  planning  image  dataset.  The  MRI/MRS  registration 
procedure  resulting  on  an  MR  image  with  defined  validated  cancer  areas  (Figure  in  the  center) 
was  established  and  reported  in  year  2.  A  procedure  to  adapt  the  format  of  this  combined 
MRI/MRS  image  into  DICOM  was  finalized  this  year.  This  allows  to  import  the  image  in  the 
planning  software.  The  planning  image  showing  the  current  anatomy  and  the  catheters  can  then 
be  registered  with  the  combined  MRI/MRS  image,  providing  all  the  anatomical  information  in  the 
same  reference  system  (Figure,  right). 


Multiple  contours  (Figure  right)  based  on  anatomical 
and  spectroscopic  information  result  on  the  clinical 
target,  the  DIL  and  the  organs  at  risk,  bladder, 
urethra,  rectum  and  bulb.  Then  catheters  are  digitally 
reconstructed.  The  optimization  routine  IPSA  is  called, 
and  using  the  class  solution  already  defined, 
produces  a  dose  distribution  that  tightly  conform  to  the 
target,  boost  the  DIL  and  spare  the  organs  at  risk. 

All  the  procedures  and  methodology  have  been 
developed  and  are  now  used  clinically. 


B.  Current  period  (May-2008-May-2009) 


During  this  period,  we  have  focused  our  activities  on  three  aspects:  (1)  Refining  the  image 
fusion  procedures,  (2)  Initiating  patient  enrollment  and  performing  DIL  boost,  and  (3)  Quarterly 
reports. 

1-  Refining  the  image  fusion  procedures 

Four  imaging  modalities  (MRI,  MRS,  CT  and  CBCT)  are  used  at  different  steps  during  the 
planning  and  dose  delivery  of  HDR  brachytherapy.  In  this  section,  we  describe  the  multi-image 
fusions  performed  and  their  role  in  inverse  planned  HDR  prostate  brachytherapy  for  dose 
escalation  of  DILs  defined  by  combined  MRI/MRSI.  The  different  fusions  are  schematically 
presented  in  the  following  figure.  The  required  image  fusions  are  grouped  by  activities  occurring 
before  treatment  day,  during  the  first  treatment  day,  and  on  subsequent  treatment  days. 


Before  Treatment  Day 
fusjofj  of  MRI  with  MftS 


On  Treatment  Day 

Fusion  of  AiiRS/  with  Planning  CT 


CT 

MRSI 

Planning 

Probe  OUT 

On  subsequent  treatment  Days 

Fusion  of  CBCT  wrth  Planning  CT 


CBCT 

CT 

Verification 

Planning 

Before  Treatment  Day:  A  few  weeks  before  radiation  therapy,  MRI  and  MRS  with  the  endorectal 
probe  in  (pi)  are  acquired  and  combined  into  one  MRSI-pi  data  set.  A  probe  out  MRI  (MRI-po)  is 
also  acquired.  Control  point  pairs  are  selected  for  matching  anatomic  features  on  MRI-pi  and 
MRI-po  series  and  used  to  determine  the  pi/po  transformation.  The  alignment  and  morphing  of 
the  1H  Spectroscopic  data  MRSI-pi  is  matched  to  the  MRI-po  data  using  this  transformation, 
including  translation,  rotation  and  a  morphing  algorithm.  The  overlap  between  the  probe-in  and 
probe-out  masks  is  calculated.  For  the  MRI-pi  -  MRI-po  fusion,  urethra,  peripheral  zone 
margins,  prostate  boundaries,  and  various  spots  of  hyper  /  hypointensity  are  effective 
landmarks.  The  prostate  rotation  angle  induced  by  the  endorectal  coil  is  determined  by  the 


margin  of  the  central  zone  /  peripheral  zone  as  seen  on  a  sagittal  series.  This  angle  is  typically 
non-negligible  (20  -  30  degrees).  At  least  12  point  pairs,  selected  more  from  regions  with  high 
deformation  (such  as  the  posterior  aspect  of  the  peripheral  zone)  and  regions  of  MRI-pi 
abnormality  are  required  to  ensure  accurate  morphing.  Visual  inspection  as  well  as  the 
computed  overlap  serve  as  an  effective  diagnostic  of  the  morphing.  When  control  points  are 
misplaced,  the  masks  appear  lopsided  or  wildly  distorted. 


The  first  step  in  the  MRI/MRS  image  registration  is  to  rotate  the  pi  image  to  line  up  the  prostate 
with  the  po  image: 


-  Linearly  resample  the  oblique  series  to  a 
pure-axial  orientation 

-  Determine  the  prostate  rotation  induced  by 
the  endorectal  coil 

-  The  rotation  angle  is  determined  by  the  margin 
of  the  central  zone  /  peripheral  zone  as  seen 
on  a  sagittal  series. 

-  Once  the  angle  is  determined,  rotate  the 
probe-in  series  and  tag  image  about  the 
right/left  axis 


The  next  step  is  to  translate  the  images  to  obtain  the  best  possible  non-morphed  alignment  of 

the  po  image  and  the  pi  image: 

-  Create  prostate  masks  on  the  probe-out  and 
rotated  probe-in  series.  Then  calculate 
centroids  of  the  masks. 

-  Translate  the  pixels  of  the  rotated  probe-out 
image  (and  tag  image)  so  that  the  mask 
centroids  are  aligned  in  the  probe-out 
coordinate  system 

-  Net  translation:  AR  =  Rci  -  Rco  +  Co  -  Ci  , 
where  Rci  and  Rco  are  the  centers  and  Ci 
and  Co  are  the  centroids  of  the  probe-in  and 
probe-out  volumes  respectively 

The  final  step  in  the  MRSI  fusion  is  morphing: 

-  Select  control  point  pairs  for  matching  anatomic  features  on  the  probe-in  and  probe-out  series. 
Urethra,  peripheral  zone  margins,  prostate  boundaries,  and  various  spots  of  hyper  / 
hypointensity  are  effective  landmarks 

-  The  MATLAB  functions  used  (cp2tform,  imtransform)  require  at  least  12  point  pairs.  It  is 
advisable  to  select  more  from  regions  with  high  deformation  (such  as  the  posterior  aspect  of 
the  peripheral  zone)  and  regions  of  MRSI  abnormality  to  ensure  accurate  morphing 


-  The  control  points  are  used  to  define  a  local  weighted  mean  transform  (Goshtasby,  Pattern 
Recognition,  Vol  6  1988,  255-261). 

-  Apply  the  transformation  to  both  the  axial  image  and  tag  image. 

-  Create  color  contours  of  the  morphed  tag  image  and  overlay  them  onto  the  probe-out  axial 
volume.  Contour  key:  red  =  5,  orange  =  4,  green  =  3 


On  Treatment  Day:  On  the  HDR  treatment  day,  the  planning  CT  and  the  MRSI-po  are  imported 
in  the  brachytherapy  planning  system  and  registered.  The  prostate  anatomy  alone  is  used  to 
guide  the  fusion.  Target  and  organs  at  risk  are  delineated  on  the  CT  while  the  DIL  is  contoured 
on  the  MRSI-po.  Catheters  are  then  digitized,  the  plan  is  optimized  using  IPSA,  and  the  dose  for 
the  first  fraction  is  delivered.  The  MRSI-CT  fusion  followed  by  the  delineation  of  the  DIL  adds 
less  than  thirty  minutes  to  the  entire  planning  process. 


On  Subsequent  Treatment  Days:  On  the 
next  day  after  the  implant,  prior  to  the  dose 
delivery  of  the  second  fraction,  a  Cone- 
Beam  CT  (CBCT)  is  acquired  and  fused 
with  the  planning  CT  of  the  preceding  day 
to  verify  the  correct  positioning  of  the 
catheters  relative  to  the  anatomy.  This 
fusion  is  performed  using  the  three 
implanted  fiducial  gold  markers.  For  the 
second  fraction,  the  visualization  of  the 
fused  CT-CBCT  images,  with  CBCT 
displayed  in  inverse  video,  allows  for  a 
rapid  and  precise  evaluation  of  the  correct 
positioning  of  the  catheters. 


Information  from  one  image  data  set  to  another  in  the  series  of  MRS  ->  MRI  ->  CT  <-  CBCT 
can  be  accurately  transferred  and  used  for  the  planning  and  verification  of  the  dose  delivery 
during  prostate  HDR  brachytherapy.  This  workflow  illustrates  the  clinical  benefit  of  image 
registration  tools. 


2-  Initiate  patient  enrollment 

Patient  enrollment  has  been  initiated  in  2008  and  the  first  HDR  delivery  with  DIL  boost  was 
performed  on  September  2008.  During  that  period,  we  have  screened  nine  patients  and  five 
were  enrolled.  Initially,  Dr  Hsu  enrolled  three  patients  and  wanted  to  wait  until  the  complete 
cycle  was  executed  before  enrolling  others.  This  was  to  validate  that  all  the  software  developed 
in  previous  tasks  were  working  easily  and  did  not  introduce  delay  in  the  clinical  process.  This 
cycle  is  several  months  long  since  after  enrollment,  patients  undergo  an  MRI  study,  receive 
external  radiation  therapy  and  finally  brachytherapy.  We  now  expect  a  steady  enrollment  pace. 
There  are  6  patients  enrolled  so  far  and  we  anticipate  enrolling  20  patients  in  2009. 

The  table  below  presents  the  dosimetric  characteristics  of  the  five  patients  enrolled  in  the 
protocol  that  received  HDR  brachytherapy.  Irrelevant  of  the  DIL  boost  level,  a  plan  must  fulfill 
the  RTOG-0321  dose  criteria  for  target  dose  coverage  VIOOProstate  >  90%  and  organ-at-risk 
dose  sparing  V75Bladder  <  1  cc,  V75Rectum  <1  cc,  V125Urethra  <1  cc.  As  it  can  be  seen,  all 
dosimetric  indices  fulfill  the  limits  used  for  a  regular  treatment. 

DIL  Boost. 

One  patient  in  the  cohort  of  five  patients  did  not  have  a  level  5  MRS-defined  DIL.  Therefore,  no 
boost  was  attempted  on  the  patient.  On  the  other  4  patients,  a  boost  for  30%  (130%  of  the 
prescribed  dose)  was  easily  achieved.  One  patient  received  a  50%  boost.  The  DIL  dose  was 
significantly  increased  without  any  violation  of  standard  dosimetric  indices  requirements. 
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3-  Quarterly  reports 

As  per  protocol,  we  have  quarterly  meetings  since  patient  enrollment  has  begun.  During  our 
meetings,  we  would  review  data,  evaluate  toxicity  and  discussing  related  topics.  The  report 
entitled  "Patient  Enrollment  Status"  for  the  first  quarter  of  2009  is  attached  in  the  appendices. 
The  report  includes  the  patient  identifier,  the  screening  date,  the  enrollment  date  and  the  patient 
conclusion  status. 


LIST  OF  ACRONYMS 


CHR:  Committee  on  Human  Research 

CT:  Computed  Tomography 

DIL:  Dominant  Intraprostatic  Lesion 

S/I:  Superior-Inferior 

R/L:  Right-Left 

A/P:  Antero- Posterior 

DOD:  Department  of  Defense 

ERC:  Endo-Rectal  Coil 

GU:  Genito-Urinary  Committee 

HDR:  High  Dose-Rate 

IPSA:  Inverse  Planning  with  Simulated  Annealing 
MRI:  Magnetic  Resonance  Imaging 
MRSI:  Resonance  Spectroscopy  Imaging 
MRI-po:  MRI  Image  with  probe  out. 

MRSI-pi:  MRSI  Image  with  probe  in. 

PRC:  Review  Committee 

ROI:  Region  of  Interest 

RTOG:  Radiation  Therapy  Oncology  Group 

UCSF:  University  of  California  California,  San  Francisco 

DIL:  Dominant  Intra-prostatic  Lesion 

CG:  Central  Gland 

PZ:  Peripheral  Zone 

TRUS:  Trans-rectal  Ultra-Sound 

OAR:  Organs  at  Risk 
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ABSTRACT  1 


American  Brachy therapy  Society  (ABS)  Annual  Meeting, 

Toronto,  May  30th,  2009. 

MULTI-IMAGE  FUSIONS  AND  THEIR  ROLE  IN  INVERSE  PLANNED  HDR  PROSTATE 
BRACHYTHERAPY  FOR  DOSE  ESCALATION  OF  DIL  DEfiNED  BY  COMBINED  MRI/MRSI 

Jean  Pouliot1,  Adam  Cunha1,  Galen  Reed2,  Sue  Noworolski2,  John  Kurhanewicz2,  and  I-Chow  Hsu2. 

1-  Department  of  Radiation  Oncology,  University  of  California  San  Francisco 

2-  Department  of  Radiology  and  biomedical  imaging,  University  of  California  San  Francisco 

Purpose:  We  have  recently  initiated  a  clinical  protocol  where  a  combination  of  MRI/MRSI  is  used  to  define  the 
distribution  of  Dominant  Intraprostatic  Lesions  (DIL)  within  the  prostate.  This  information  is  used  to  perform  dose 
escalation  of  the  DIL  without  compromising  the  dose  coverage  of  the  prostate  and  the  protection  to  the  urethra, 
rectum,  and  bladder  for  prostate  cancer  patients  treated  with  HDR  brachy  therapy.  The  objective  of  this  work  is  to 
present  the  steps  and  criteria  involved  in  the  series  of  image  fusion  involved  in  the  planning  and  verification  of  the 
dose  delivery  process. 

Materials  and  Methods:  Four  imaging  modalities  (MRI,  MRS,  CT  and  CBCT)  are  used  at  different  steps  during 
the  planning  and  dose  delivery  of  HDR  brachy  therapy.  A  few  weeks  before  radiation  therapy,  MRI  and  MRS  with 
probe  in  (pi)  are  acquired  and  combined  into  one  MRSI-pi  data  set.  A  probe  out  MRI  (MRI-po)  is  also  acquired. 
Select  control  point  pairs  for  matching  anatomic  features  on  MRI-pi  and  MRI-po  series  are  used  to  determine  the  pi- 
po  transformation.  The  alignment  and  morphing  of  the  1H  Spectroscopic  data  MRSI-pi  is  matched  to  the  MRI-po 
data  using  this  transformation,  including  translation,  rotation  and  a  morphing  algorithm.  Overlap  between  the  probe- 
in  and  probe-out  masks  is  calculated.  On  the  HDR  treatment  day,  the  planning  CT  and  the  MRSI-po  are  imported  in 
the  brachytherapy  planning  system  and  registered.  The  prostate  anatomy  alone  is  used  to  guide  the  fusion.  Target 
and  organs  at  risk  are  delineated  on  CT  while  the  DIL  is  contoured  on  the  MRSI-po.  Catheters  are  then  digitized,  the 
plan  is  optimized  using  IPSA,  and  the  dose  for  the  first  fraction  is  delivered.  On  the  next  day  after  the  implant,  prior 
to  the  dose  delivery  of  the  second  fraction,  a  Cone-Beam  CT  (CBCT)  is  acquired  and  fused  with  the  planning  CT  of 
the  precedent  day  to  verify  the  correct  positioning  of  the  catheters  relative  to  the  anatomy.  This  fusion  is  performed 
using  the  three  implanted  fiducial  gold  markers. 

Results:  For  the  MRI-pi  -  MRI-po  fusion,  urethra,  peripheral  zone  margins,  prostate  boundaries,  and  various  spots 
of  hyper  /  hypointensity  are  effective  landmarks.  The  prostate  rotation  angle  induced  by  the  endorectal  coil  is 
determined  by  the  margin  of  the  central  zone  /  peripheral  zone  as  seen  on  a  sagittal  series.  This  angle  is  typically 
non-negligible  (20  -  30  degrees).  At  least  12  point  pairs,  selected  more  from  regions  with  high  deformation  (such  as 
the  posterior  aspect  of  the  peripheral  zone)  and  regions  of  MRI-pi  abnormality  are  required  to  ensure  accurate 
morphing.  The  visual  inspection  as  well  as  the  computed  overlap  serve  as  an  effective  diagnostic  of  the  morphing. 
When  control  points  are  misplaced,  the  masks  appear  lopsided  or  wildly  distorted.  On  the  day  of  the  first  fraction, 
the  MRSI-CT  fusion  followed  by  the  delineation  of  the  DIL  adds  less  than  thirty  minutes  to  the  entire  planning 
process.  For  the  second  fraction,  the  visualization  of  the  fused  CT-CBCT  images,  with  CBCT  displayed  in  inverse 
video,  allows  for  a  rapid  and  precise  evaluation  of  the  correct  positioning  of  the  catheters. 

Conclusion:  Information  from  one  image  data  set  to  another  in  the  series  of  MRS  ->  MRI  ->  CT  <-  CBCT  can  be 
accurately  transferred  and  used  for  the  planning  and  verification  of  the  dose  delivery  during  prostate  HDR 
brachytherapy.  This  workflow  illustrates  the  clinical  benefit  of  image  registration  tools. 

This  work  was  supported  in  part  by  Nucletron  Corporation  and  from  the  DOD  -  PC030909  grant. 
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DOD-PCRP-Meeting,  Innovative  Minds  in  Prostate  Cancer  Today  (IMPaCT) 

Atlanta  Georgia,  Sept.  5-8,  2007. 

DOSE  ESCALATION  OF  DOMINANT  INTRA-PROSTATIC  LESION  DEFINED  BY  MAGNETIC- 
RESONANCE  SPECTROSCOPY  IMAGING  USING  INVERSE  PLANNING  FOR  HDR  PROSTATE 
BRACHYTHERAPY 

Jean  Pouliot;  I-Chow  Hsu;  Etienne  Lessard;  Yongbok  Kim;  (Comprehensive  Cancer  Center, 

University  of  California,  San  Francisco,  San  Francisco,  California)  Susan  Moyher  Noworolski; 

John  Kurhanewicz  (Center  for  Molecular  and  Functional  Imaging,  Department  of  Radiology, 

University  of  California,  San  Francisco,  San  Francisco,  California). 

Men  with  prostate  cancer,  in  particular  those  with  advanced  local  disease,  benefit  from  dose  escalation.  The  main 
objective  of  the  DOD-PC-030909  is  to  exploit  the  ability  of  Magnetic  Resonance  Imaging  combined  with  Magnetic 
Resonance  Spectroscopy  imaging  (MRI/MRSI)  to  identify  cancer  regions  within  the  prostate  and  to  target  those 
regions  with  a  higher  tumor  burden  with  higher  dose  without  compromising  the  dose  coverage  of  the  prostate  and 
the  protection  to  the  urethra,  rectum  and  bladder  for  prostate  cancer  patients  treated  with  HDR  brachy therapy. 
MRI/MRSI  is  used  to  differentiate  between  normal  and  malignant  prostate  and  define  cancervalidated  Dominant 
Intra-prostatic  Lesions  (DIL).  A  retrospective  study  was  first  conducted  using  data  from  15  HDR  patients  with 
MRI/MRSI  defined  DIL.  For  each  patient,  MRSI  data  was  first  fused  on  the  axial  T2- weighted  MR  images.  Using 
the  prostate  anatomy,  the  combined  MRI/MRSI  images  were  then  registered  on  HDR  planning  axial  CT  or  MR 
images.  Targets,  organs  at  risk  and  DIL  were  segmented.  Dose  constraints  parameters  were  adjusted  to  define  a  class 
solution  for  a  DIL-boost  plan  under  the  dosimetric  requirements  of  the  RTOG-0321  protocol.  To  determine  a 
maximum  attainable  level  of  DIL-boost  for  each  patient,  our  inverse  planning  dose  optimization  algorithm  (called 
IPSA)  was  used  to  generate  dose  distributions  for  five  different  levels  of  DIL-boost,  at  least  110%,  120%,  130%, 
140%  and  150%  of  the  prescribed  dose.  Dose  volume  histograms  of  the  target  and  each  organ  at  risk  were  compared 
with  optimized  plans  without  DIL  boost.  On  the  cohort  of  15  patients,  dose  escalations  of  the  MRI/MRSI  defined 
DIL  were  achieved  in  the  range  of  120%  to  150%  of  the  prescription  with  only  an  average  of  1%  increase  of  the 
V50  bladder  dose,  and  1  to  3%  rectum  depending  on  the  boost  level.  Dose  to  the  whole  prostate,  with  the  exception 
of  the  DIL,  did  not  change.  All  dose  limits  complied  with  RTOG  dosimetric  requirements.  This  is  accomplished  by 
using  inverse  treatment  planning  software  that  can  focus  normally  occurring  high  dose  regions  within  the  target 
volume  to  coincide  with  the  DIL.  Combined  CHR  approval  from  our  institution  and  from  DOD  is  expected  early 
2007  and  patients  enrollment  will  be  initiated  soon.  The  feasibility  of  a  comprehensive  approach  that  incorporates 
MRI/MRSI  (anatomical  and  functional  imagining)  into  the  HDR  brachytherapy  treatment  planning  has  been 
demonstrated.  Using  the  inverse  planning  program  IPSA,  dose  escalation  of  target  regions  with  a  higher  tumor 
burden  can  be  performed  without  increasing  the  dose  to  critical  normal  structures.  This  will  be  the  first  trial  using 
both  MR  imaging  and  functional  imaging  MRSI  for  HDR  brachytherapy  planning.  IMPACT:  This  new  approach 
will  allow  dose  escalation  to  be  targeted  to  areas  of  high  cancer  cell  density.  We  believe  these  refinements  of  HDR 
brachytherapy  planning  will  lead  to  new  therapeutic  approaches  that  may  improve  clinical  results. 
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Abstract 

Purpose:  To  establish  an  inverse  planning  set  of  parameters  (class  solution)  to  boost  dominant  intra-prostatic  lesion 
(OIL)  defined  by  MRI/MRSI. 

Method's:  For  15  patients,.  DIL  were  contoured  on  £T  or  MR  images  and  a  class  solution  was  developed  to  boost  the  DIL 
under  the  dosimetric  req ui re ments  of  the  RTO-G-CH21  protocol.  To  determine  the  maximum  attainable  level  of  boost  for 
eac  h  patie  ntP  5  diff  ere  nt  leve  Is  we  re  co  nside  red ,  at  least  1 1 0S 1 20S,  i  30£,  1 4 DK  and  1 50'S  of  t  he  p  resc  ri  bed  dose .  The 
maximum,  attainable  level  was  compared  to  the  plan  without  boost  using  cumulative  dose  volume  histogram  (DVH). 

flesuffs:  DIL  dose  escalation  was  feasible  for  11/15  patients  under  the  requirements.  The  planning  target  volume  (PTY) 
dose  was  slight ly  i nc reased,  while  the  DIL  dose  was  significantly  increased  without  any  violation  of  requirements.  With 
slight  adjustments  of  the  dose  constraint  parameters,  the  dose  escalation  was  feasible  for  13/15  patients  under 
requirements. 

Cone  \usion:  Using  a  class  solution,  a  dose  escalation  of  t  he  MRI/MRS I  defined  DIL  up  to  ISO'S  while  complying  with  RTOG 
dosimetric  requirements  is  feasible.  This  HDR  b rac hyt he rapy  approach  to  dose  escalation  allows  a  significant  dose 
i  nc  rease  to  t  he  t  umo  r  whi  le  mai  ntai  ni  ng  an  acceptab  le  risk  of  com  p  lications. 
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High  dose  rate  (HDR)  brae  hyt  herapy  can  safely  and  accu¬ 
rately  deliver  radiation  dose  to  prostate  career  wit  ha  single 
Ir- 192  source.  The  HDR  brachyt  herapy  employs  catheters  in¬ 
serted  directly  into  the  prostate,  guided  by  tra  ns  re  eta  I 
iJtrasound  (TRUS),  and  adjusts  source  dwell  times  along 
the  catheters  with  a  remotely  controlled  afterloader. 
Advancements  recently  made  in  imaging  technology  have 
improved  the  accuracy  and  effectiveness  of  HDR  prostate 
brachyt  herapy  planning.  The  anatomical  information  ob¬ 
tained  from  computed  tomography  (CT)and  magnetic  reso¬ 
nanceimaging  (MRI)  images  can  be  displayed  along  with  the 
dose  distribution  within  the  target  and  the  organs  at  risk 
(GAR )  and sig nificantiy  i m proves t  he  control  of  the  dose  dis¬ 
tribution  [3,16, 19].  The  functional  imaging  information,  MR 
spectroscopic  i  magi  ng  (MRSI)  combined  with  MRI  and  trans¬ 
lated  into  the  planning  CT  or  MRI,  was  introduced  into  HDR 
prostate  brae  hythera  py  i  n  order  to  better  identify  dominant 
intra- prostatic  malignant  lesions  ( Dl Ls)  within  t he  prostate 
and  to  esca  late  t  he  dose  on  t  he  D I L  [22] .  Severn  I  clinica  I  fol  - 
low -up  studies  demonstrated  that  i m proved  biochemical 
control,  a  higher  survival  rate  and  a  lower  rid;  of  com  plica¬ 
tions  a  re  achieved  by  t  he  dose  esca  la  t  ion  of  prostate  cancer 


with  HDR  brae  hythera  py  [2,4,17,16,25, 26].  In  addition,  the 
development  of  anatomy- based  imerse  planning  dose  opti¬ 
mization  for  HDR  brachyt  herapy  ca  n  produce  a  highly  con¬ 
formal  dose  profile  within  one  minute,  with  more  than 
of  the  prostate  volume  covered  with  the  prescribed 
dose  and  a  clinically  acceptable  sparing  of  OAR  [1,3, 5, IB¬ 
IS,  26].  Furthermore,  the  concept  of  clas  solution  com¬ 
monly  used  in  intensity  modulated  radiation  t  herapy  (LMRT) 
[6,20, 21 , 24,27]  is  now  available  in  brachyt  hera  py.  Thee  las 
solution  of  an  inverse  planning  routine  can  reduce  the  vari¬ 
ation  of  treatment  plan  quality  across  different  users  and 
can  dramatically  decrease  the  treatment  planning  time.  In 
this  study  ve  developed  a  class  solution  for  boosting  MR  1/ 
MAS  defined  CHLs  in  inverse  planned  HDR  brachyt  hera  py  of 
prostate  cancer. 


Methods  and  materials 

Patient  Cohort:. 

We  used  data  from  15  HDR  patients  with  MRI/MRSI  de¬ 
fined  DlLs  (patients  A  to  0).  The  mean  i  standard  deviation 
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value  of  their  prostate  volume  w-a*  43.7  i  16.3  cc  with  a 
range  from  2.4.  t  to  46.0  cc.  In  general,  1.6  catheters  i.  range 
from  15  to  14)  were-  inserted  using  TRUS  guided  freehand 
technique  Id  cover  the  entire  prostate  instead  of  conven¬ 
tional  pne -fabricated  templates.  Our  current  protocol  calls 
for  a  single  interstitial  implant  ard  two  subsequent  HDR 
fractions  with  each  providing  9.  5  Gy.  The  detail  of  the  free- 
hard  T  RUS  g  uided  HD  R  brachyt  herapy  t  reatmert  procedure 
for  prostate  cancer  used  at  our  institution  was  described  in 
other  studies  [9,10,23]. 

Defin  ition  of  the  DIL 

We  owrlaid  the  M.R5I  data  on  the  axial  T2- weighted  Mfl 
images  through  post-  pro  cessing.  The  resolution  of  the  .MRS 
is  0.3  cc.  Each  MRS  I  voxel  is  scored  using  a  stardardized  5- 
point  scale  (f  -  definitely  benign,  2  -  likely  beni^„  3  - 
equivocal,  -4  —  likely  abnormal  ard  5  -  definitely  ^normal?, 
based  on  the  change  of  metabolite  markers  [choline,  cit¬ 
rate,  creatine  and  polya mines?:  elevation  of  the  choline 
peak  arid  reduction  of  the  ci1rater  creatire  ard  polyamine 
peaks  in  an  abnormal  MflSI  voxel  [7].  Based  on  the  combined 
M.RI/M.RSI  information,  DILs  were  manually  contoured  on 
HD  R  p  lanni  ng  axia  l  CT  orM.R  i  mages  by  a  physician.  A  lesion 
was  defined  as  a  DIL  (Fig.  T ib  J)  wherever  it  contained  at 
least  3  contiguous  MflSI  validated  cancer  voxels  scored  with 
a  4  or  a  5  on  combined  MRI/M.fSI  images  (Fig.  1  la??. 

Du  si  metric  requirements  for  a  class  solution 

We  developed  a  dass  so!  ution  that  would  comply  with 
the  dosimetric  requirements  used  in  the  current  RTCG- 
0321  protocol  [6].  The  RTOG  protocol  requires  more  than 
90£  of  the  planning  target  volume  rPTV J  to  be  cohered  by 
the  prescription  dose  (9.5  Gy).  The  PTV  was  the  same  as 
clinical  target  volume  i.CTV)  and  defined  by  the  physician 
on  CT  scans  It  inducted  the  prostate  only  for  Tlc-T2b  arid 
the  prostate  and  extra- capsular  extension  for  T  3a -T  3b.  In 
addition,  each  volume  of  the  bladder  and  the  rectum  receiv¬ 
ing  75¥  of  the  prescription  dose  i7-l2Gy)  must  be  les  than 
1  cc  and  the  vjlume  of  the  urethra  receiving  125¥  of  the 
prescription  dose  (1 1 .47  Gy)  must  be  less  than  1i  cc.  When 
the  bladder  and  rectum  were  contoured,  the  outer  most 
border  of  the  mucosa  was  included.  For  the  urethra.,  the 
outer  surface  of  the  Foley  catheter  was  contoured. 
Throu^out  the  paper,  PTV  VlGQ[^]  is  defined  as  the  per¬ 
cent  volume  ['£]  of  the  PTV  receiving  at  least  lCXft  of  the 
presc  ri  bed  dose  whi  le  red  urn  V75[cc]  is  defined  as  t  he  a  bso- 
lute volume  [cc]  of  the  rectum  receiving  at  least  75^  of  the 
presc  ri  ted  dose. 

Anatomy  based  Inverse  planning 

Our  in-house  inverse  planning  rout  ire  based  in  simulated 
annealing  [IPSA?  was  implemented  on  a  commercial  HDR 
treatment  planning  system  [Plato  V14.2,  Nucletron,  The 
Netherlands?  for  evaluation  and  was  clinically/ routinely 
used  for  HDR  brae hytheia py  at  our  institution.  First,  the 
PTV  and  GA  R  a  re  de  fi  neated  a  rd  cat  heters  a  re  digitized  on 
axial  CT  or  MR  images.  Approximately  Iwd  thousand  dose 
points  a  re  generated  on  the  surface  and  inside  of  all  the  or¬ 
gans  (PTVs  ard  OAR?.  For  the  surface  and  inside  of  -il  or¬ 
gans,  a  set  of  dose  constraints  is  defined  as  an  acceptable 
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dose  range  [minimum  and  maximum  doses?  and  -weighting 
factors  for  penalty  values  imposed  to  the  minimum  and 
maximum  doses.  Dwell  times  w^re  set  to  zero  for  all  dwell 
positions  outside  ta'get  and  these  positions  were  excluded 
from  the  optimization  process  afterward.  Hence,  the  active 
dwell  positions  were  only  within  the  PTV .  Under  user- de¬ 
fined  dose  constraints,  IPSA  searches  the  optimal  solution 
(a  dwel  I  time  com  bi  nation  ?  t  hrough  t  he  sim  ulated  a  nneali  ng 
algorithm  to  minimize  the  possibility  that  any  dose  point  re¬ 
sides  outside  the  acceptable  dose  range  [14].  This  process 
takes  less  than  one  minute.  Owing  to  the  a  natomy-  based  in¬ 
verse  planning,  IPSA  can  deal  with  any  additional  targets 
andOAR,  i.e.  r  seminal  vesicles  (additional  target;i,  DIL  boost 
[target  within  a  target),.  neurovascular  bundle  or  bulb  of  pe¬ 
nis  (GAR  outside  of  the  target),  and  so  forth. 

Class  solution  for  a  plan  without  boost 

Prior  to  developing  a  cias  solution  for  the  DlL-boost 
plan,  a  class  solution  for  a  plan  without  a  boost  was 
determined.  In  general,  the  acceptable  dose  range  is  al- 
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ways  the  same  both  on  the  surface  and  inside  of  dll  or¬ 
gans  (targets  and  OAR).  The  clinically  acceptable  dose 
ra  nge  is  from  1  00£  to  1  50£  of  t  he  p  resc  ri  bed  dose  for 
the  FTV  and  from  100^  to  120£  for  the  urethra,  which 
has  to  be  spared  from  a  high  dose  (hot  spot).  In  our  insti¬ 
tution,  120£  of  the  prescription  dose  was  used  for  maxi¬ 
mum  dose  of  urethra  to  ascertain  its  protection  instead 
of  125£.  To  other  OAR  located  outside  of  the  FTV  such 
as  the  bladder  and  the  rectum,  ideally  no  dose  ^iould 
be  delivered.  Hence,  naught  is  assigned  to  the  minimum 
dose  while  a  clinically  appropriate  value  such  as  50£  or 
75£  of  the  prescribed  dose  with  its  pertinent  weighting 
f actor  is  assi^ied  to  the  maximum  dose.  The  most  impor¬ 
tant  clinical  objective  is  the  maximum  relative  weight. 
The  maximum  relative  weight  is  given  the  arbitrary  value 
of  100.  All  other  clinical  objectives  are  given  an  equal  or 
smaller  urei^it  corresponding  to  their  relative  importance. 
For  weitjvting  factors  to  the  dose  limit,  both  on  the  sur¬ 
face  and  inside  of  the  OAR  the  same  value  was  applied 
because  any  dose  diould  be  avoided  both  on  the  surface 
and  inside  of  the  OAR  simultaneously.  However,  they 
were  different  between  on  the  surface  and  inside  of  the 
FTV.  On  the  surface  of  the  FTV,  the  weighting  factoron 
the  minimum  dose  should  be  high  enough  (the  maximum 
relative  weight  of  1  C0 1  to  ensure  a  clinically  acceptable 
FTV  coverage  by  the  prescribed  dose  and  the  weighting 
factor  on  the  maximum  dose  ^pould  also  be  high  enough 
(the  maximum  relative  weight  of  100)  to  avoid  containing 
the  maximum  dose  within  the  FTV  for  protecting  the  sur¬ 
rounding  normal  tissues.  Eased  on  our  clinical  experience, 
the  value  of  ICO  was  high  enough  to  penalize  the  cost 
function  during  dwell  time  optimization  when  the  FTV 
dose  was  less  than  the  prescribed  dose.  Inside  the  FTV, 
the  w-ei^iting  factor  for  the  minimum  dose  was  also  hi^i 
enough  (the  maximum  relative  weight  of  ICO)  that  the  in¬ 
side  of  PTV  is  fully  covered  by  the  prescribed  dose.  The 
wei-^iting  factor  for  the  maximum  dose  was  reduced  to 
30  to  achieve  better  conformal  dose  distribution.  This 
was  a  dose  constraint  on  the  Vl50  of  the  FTV  and  it  bal¬ 
anced  the  compromise  between  dose  homogeneity  and 
dose  coverage.  Over  the  years,  our  clinical  experience 
demonst rated  that  a  wei^iting  factorof  30  reduced  ade¬ 
quately  the  size  of  the  hot  ^ots  while  keeping  excellent 
dose  coverage.  For  the  urethra,  the  same  weighting  fac¬ 
tors  as  the  inside  of  the  FTV  are  used  based  on  previous 
clinical  experience.  Regarding  weighting  factors  to  the 
dose  limits  of  the  bladder  and  the  rectum,  they  are  well 
established  but  sometimes  vary  depending  upon  an  indi¬ 
vidual  patient.  In  order  to  yield  a  clinically  better  plan 
fora  patient,  a  better  tradeoff  should  be  made  betwieen 
hi^ier  FTV  coverage  by  the  prescribed  dose  and  enhanced 
protection  of  the  bladder  and  the  rectum.  Therefore,  if 
the  maximum  dose  limit  of  the  bladder  and  the  rectum 
is  decreased  and/or  their  weighting  factor  is  increased 
unduly,  the  bladder  and  the  rectum  are  overprotected 
while  the  FTV  coverage  is  undesirably  reduced.  On  the 
other  hand,,  if  their  maximum  dose  is  increased  and/or 
their  weighting  factor  is  reduced  excessively,  the  PTV 
coverage  with  the  prescribed  dose  can  be  improved  but 
the  rectum  and  bladder  receive  an  intolerable  dose  and 
consequently  higher  complications  are  predicted  after 


treatment  Therefore,  in  this  study,  by  adjusting  the  max¬ 
imum  dose  and  the  weighting  factor  of  the  bladder  and 
the  rectum  a  class  solution  was  determined  for  a  plan 
without  boost  under  the  dosimetric  requirement 

Gass  Solution  for  a  DIL 

A  class  solution  tor  a  DIL  was  developed  based  on  two 
perspectives.  Prima  rily  t  he  dosi  met  ric  requi  re  merits  shaild 
be  satisfied.  Second,  we  used  1 50£  of  the  p  re  sc  rib  ed  dose  as 
the  maximum  dose  escalation  goal  for  the  DIL.  The  maxi¬ 
mum  dose  escalation  level  (15Q£)  to  DIL  is  the  same  as 
the  maximum  dose  desired  for  the  PTV  indwell  time  optimi¬ 
zation  even  though  the  dose  next  to  the  active  dwell  posi¬ 
tions  is  Ihi^ner  than  1 50£. 

Prior  to  examining  various  lewis  of  a  DIL-boost  for 
each  patient,  the  same  dose  range  as  the  FTV  was  applied 
to  the  DIL  to  construct  a  DIL-boost  plan  equivalent  to  a 
plan  without  a  boost.  As  with  the  FTV  and  GAR,  the  same 
dose  range  was  used  both  on  the  surface  and  the  inside  of 
the  DIL.  On  the  surface  of  the  DIL  the  same  weighting 
factors  as  the  inside  of  the  PTV  were  employed  because 
the  DIL  surface  has  the  same  clinical  importance  as  the 
inside  of  the  FTV.  In  addition,  the  weighting  factor  for 
the  minimum  dose  inside  the  DIL  was  the  same  value  as 
inside  the  FTV  since  the  DIL  tforJd  be  covered  by  at  least 
the  minimum  dose.  Finally,  for  an  appropriate  weighting 
factor  to  the  maximum  dose  limit  inside  the  DIL,  seven 
different  values  of  the  weighting  factor  (from  0  to  30 
with  5  points  increment)  were  attempted  in  the  DH_4>oost 
plan  equivalent  to  a  plan  without  boost  under  dosimetric 
req  uirement . 

Maximum  attainable  level  of  DIL-boost  using  the 
class  solution 

The  dass  solution  for  the  DIL-boost  plan  was  developed 
by  adding  a  dose  constraint  of  the  DIL  to  the  previously 
obtained  clas  solution  for  a  plan  wthout  a  boost.  By 
increasing  the  minimum  dose  with  a  10£  increment  in 
the  clas  solution  for  the  DIL-boost  plan  equivalent  to  a 
plan  without  boost,  5  different  levels  of  DIL-boost  plans 
were  investigated  tor  each  patient  110-150,  120-1 50, 
1  30-1 50,  140-150,  and  1 50-1 50  (acceptable  dos$  range: 
mini  mum -maxi  mum  dose  in  percent  relative  to  the  pre¬ 
scribed  dose).  The  highest  DIL  - boost  plan  without  any  vio¬ 
lation  of  requirement  was  considered  as  the  maximum 
attainable  DIL-boost  plan  for  each  patient.  For  patients 
reaching  certain  level  of  DIL-boost  without  violation  of 
the  requirement,  the  maximum  attainable  DIL-boost  plan 
was  compared  with  a  plain  without  boost  by  analyzing  a 
cumulative  dose  volume  histogram  (DVH)  of  the  PTV  and 
the  DIL.  Specific  dosimetric  indices  of  the  FTV  iVlCOpb] 
and  VlSOfS])  and  the  DIL  (Vl20pi],  V150PQ  and 
V200[£])  were  compared  between  the  two  plans.  In  addi¬ 
tion,  some  dosimetric  parameters  for  GAR  between  the 
two  pi  a  ns  were  compared  such  as  bladder  V75[oc]r  rectum 
V75[cc]  and  urethra  Vl25[cc].  Furthermore,  under  the 
dosimetric  requirements,  the  clas  solution  was  manually 
adjusted  to  achieve  the  150-150  DIL-boost  for  patients 
whose  previous  level  of  DIL-boost  was  lower  than  1  50— 
150. 
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Results 

DIL 

The  mean  i  the  standard  deviation  value  of  the  DIL  vol¬ 
ume  in  percent  relative  to  the  prostate  >olume  was 
11.9*7 .3%  with  a  range  from  2.  5t  to  31. 3E  i>.3±4.3 
cc  with  range  from  1.2  cc  to  15.3  cc  for  the  absolute 
DIL  volume)  for  the  15  patients.  All  patients  have  one 
DIL  except  for  patient  J  who  has  two  DILs.  In  this  study 
the  DIL  was  always  located  at  the  peripheral  sore  of  pros¬ 
tate  and  its  specific  location  w’as  different  depending  on 
each  patient:  right  side,  left  side  or  midli ne  in  t he  periph¬ 
eral  zone  of  the  prostate  when  sen  in  an  axial  planning 
CT  or  MR  image.  For  example,  a  OIL  was  delineated  at 
the  right  side  in  the  peripheral  zone  of  the  prostate  in 
an  axial  CT  image  (Fig,  1(b))  acquired  for  HDfl  prostate 
brae  hyt  hera  py  planning.  This  location  was  determined 
from  the  corresponding  MRI/MRSI  image  (Fig.  1(a))  which 
demonstrates  a  validated  canoer  lesion  that  comprises 
five  contiguous  voxels  with  a  score  of  5  (definitely 
abnormal). 

Class  Solution  for  a  plan  without  a  boost 

Ta  b  le  1  (a.)  is  a  dass  sol  ution  deveb  ped  for  a  plan  without 
a  boost  under  the  dosimetric  requirements.  A!  plans 
employing  the  class  solution,  Table  1 ,  satisfied  all  dosimet¬ 
ric  requirements  with  a  mean  PTV  coverage  iVlCOff])  of 
92.4¥  (range  from  TO  to  94.7E)r  except  for  3  patients  (B, 
Jr  L).  For  those  patients,  the  weighting  factor  to  the  maxi¬ 
mum  dose  for  the  bladder  and  the  rectum  was  tuned  to 
meet  the  requirements.  Table  2  shows  the  change  of  dosi- 
met  ric  indices  corre^jondi  ng  to  the  c  ha  nge  of  t  hei  r  weig  ht- 
ing  factors.  For  patient  B,  the  bladder  and  rectum  were 
overprotected  with  undesirably  low  PTV  coverage  (14. 5£). 
The  reduction  of  their  weighting  factor  increased  PTV  cov¬ 
erage  up  to  TO. 3^  while  keeping  their  V75[cc]  less  than  1 
cc.  For  patient  J,  bladder  V75[cc]  was  more  than  1  cc.  By 
i  nc  reasi  ng  its  w-eighti  ng  factor,  bladder  V75{cc]  was  reduced 


to  less  than  1  cc  at  the  expense  of  slightly  decreased  PTV 
coverage  (from  91 .  K  to  TO.5'£).  For  patient  Lr  by  decreas¬ 
ing  rectum  weighting  factor,  the  low  PTV  coverage  iM.l¥) 
was  improved  to  TO£  while  rectum  V75[cc]  was  kept  less 
than  1  cc. 

Class  solution  for  a  DIL 

Ore  out  of  7  weighting  factors  to  the  maximum  dose 
was  chosen  and  a  class  solution  of  DHL  for  the  same  level 
of  DIL- boost  as  the  PTV  was  constructed  under  the  dosi¬ 
metric  requirement.  As  the  weiijiti ng  factor  applied  to 
the  maximum  dose  is  increased,,  the  value  of  DIL 
Vi  50[£]  is  reduced  due  to  the  heavily  imposed  peralty  va¬ 
lue  to  the  maximum  dose  as  shown  in  Fig.  2.  In  the  case 
of  no  peralty  value  (zero  weighting  factor)  applied,  a 
much  hi-^ier  dose  can  be  delivered  to  the  DIL:  Vl  50[¥]  va¬ 
lue  is  improwd  in  Fig.  2,  but  the  DIL  >rolume  receiving 
more  than  l5ff£  of  the  prescribed  dose  is  also  undesirably 
increased.  If  the  rectum  and/or  bladder  are  very  closely 
located  to  the  DIL,  the  dosimetric  requirement  would  be 
violated:  in  this  study,,  patients  B,  E  and  J  violated  the 
bladder  dose  limit  and  patients  B,  f  and  0  violated  the 
rectum  dose  limit  under  requirement  Six  different  DIL- 
boost  plans  using  its  &  different  non-zero  weighting  fac¬ 
tors  (ranging  from  5  to  30  with  5  points  increment)  ap¬ 
plied  to  the  maximum  dose  showed  almost  the  same 
protection  of  the  OAR  (the  same  value  of  OAR  dosimetric 
indices)  for  all  patients  (Fig.  2).  The  6  DIL-boost  plans 
violated  the  rectum  dose  limit  for  patients  F  and  0  and 
the  bladder  dose  limit  for  patient  JP  respectively,  under 
the  requirement  Without  any  advantage  in  the  protection 
of  the  OAR,  the  higher  weighting  factors  deteriorated  the 
DIL  Vl50[£]  value  (Fig.  2).  Therefore,  the  value  of  5  was 
chosen  as  the  best  weighting  factortothe  maximum  dose 
inside  the  DIL.  Finally,  the  dass  solution  of  the  DIL  was 
achieved  on  the  surface  and  inside  of  the  DIL  and  is  sum¬ 
marized  in  Table  1(b)  for  the  DIL-boost  study.. 


T*M*  1  (ah 

Lldii  sArflan  fur  a  plan  vrtihnui  haan  ureier  R.T0G  0321  dosimetric  requirement 

Vdume  Willing  facidr  id  far  fii  panahy  D^.n  [£]  D^...  [£) 

Weighihg  racidr  id  Dtfmx  \<g  iu  panUhy 

PTV  (targeih 


OH 

100 

100 

190 

100 

w 

100 

100 

190 

30 

Urethra 

OH 

|di'g-*'i  dL  i  iikh 

100 

100 

120 

30 

H 

100 

100 

120 

30 

Bladder 

ow 

Idrgan  ai  risk* 

0 

0s 

90 

30 

w 

0 

o- 

90 

30 

Hecum 

aw 

(organ  ai  liskh 

0 

0" 

90 

30 

m 

0 

O' 

90 

30 

ON,  an  the  urfttt  of  the  cdmdur:  W,  hi ide  lire  ydluue. 

Art n  [%]  and  -V*,  [%],  mirtlflteJiiiarei  rtudnumddses  h  with  reject  id  ihe  ji&a bed  doss, 

cr,  any  number  is  acceptable  far  the  mtatflum  due  sire*  the  weighing  facta*  is  null. 
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T-Jtib  1(h) 

Class  salutian  far  a  DL  under  RTOG  0321  dasi-vretric  requirements 


VclLine 

Weighting  factor  ta  Dm*  far  its  parity  D^„  [R]a 

iW  [£] 

Weighting  factar  to  rci'  its  penally 

DL  (target^ 

OH 

100 

Vary 

150 

30 

H 

100 

Vary 

150 

5 

a  D^-n  vaiies  depend  rig  upon  the  level  o  r  D  L -baast  (1 10,  120,  130,  HO  ar  150). 

Table  2 

Vr:-ufl,  adjustment  of  weighting  fKbr  ta  the  (jydvundae  af  bladder  and  rectum and  its  impda  an  das  ribe trie  indices  rar  3  patients  in 
tohnm  a  class  idutian  rar  a  plan  withaui  DIL  baast  was  net  available 


Patient  Manual  adjLfitmem  weigjniig  ractar  Dasl metric  Hide* 


Bladder 

Rectum 

PTV  p] 

Bladder  ¥75  [CCj 

Rectum  v75[ccj 

Urethra  V125[cc] 

B 

Before 

30 

30 

14.54 

0.65 

0.07 

0.04 

After 

25 

20 

90.26 

0.96 

0.74 

0.03 

J 

Before 

30 

30 

91.29 

LZ7 

0.39 

0.14 

After 

40 

30 

90.46 

0.99 

0.43 

0.15 

L 

Before 

30 

30 

aa.ai 

0.40 

0.05 

0.02 

After 

30 

25 

90.01 

0.34 

0.13 

0.02 

Maximum  attainable  Dll- boost  plan  using  the  class 
solution 

The  c  las  solution  obtained  by  combining,  a  d  ass  sol  ut  ion 
for  without -boost  plan  (Table  1  (a))  with  a  class  solution  of 
the  DIL  Table  1  (b;i )  was-  e^bited  to  acquire  the  maximum 
attainable  level  of  the  DIL-boost  for  each  patient,.  Under  the 
dosimetric  requirements,  a  DIL-boost  was  not  attainable  for 


IDO 

90- 

S0- 
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P1  M- 


30- 
20  - 

10- 
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Rer.  o  5  1  0  1  5  20  25  30 

Weighting  fatter  t&  Maximum  Dose 


Fig.  2.  Percent  valume  af  the  DIL  receiv  hg  at  least  1  HR  aT  the 
prescribed  dose  (VI  HJ^Ji  far  7  DL -baast  plans.  Each  baast  plan  has 
a  different  weigitiig  factar  far  its  penally  value  impased  to  the 
nulnuin  dose  (1 5CR  of  the  preserved  dase)  of  the  DIL  ri 
comparison  with  a  plan  wiihaut  boost  (Ref.)  under  the  RTOG-OS21 
doflVtketrfc  requirements.  Fardel  bars  represem  themasdimjni,  75, 
50,  25  percentiles  and  minimum  values.  TIk  black  dot  represents 
the  mean  value. 


four  (B,  Fr  J,  0)  out  of  the  1  &  patients,  whereas  a  certain 
I evel  >of  DIL-boost  was  feasible  for  the  remaining  11  patient 
(Fig.  3).  By  averaging  all  PTV  and  DIL  DVHs  of  those  patients, 
a  group  average  WH  [111]  was  generated  for  the  PTV  (Fig.  4) 
and  the  DIL  (Fig.  5)  between  the  maximum  attainable  DIL- 
boost  plan  and  the  plan  without  boost.  The  group  average 
PTV  DVHs  between  the  two  plans  were  almost  the  same 
l  %  difference)  up  to  1 CXK  of  t  he  piese  ribed  dose  a  nd  they 
slightiy  differed  in  the  rest  of  the  dose  range  (5-tf£  differ¬ 
ence  between  12CK  and  of  the  prescribed  dose  in 
Fig.  4).  In  particular,  the  PTV  coverage  by  the  prescribed 
dose  (Table  3)  was  increased  just  by  0.9^,  on  average,  be¬ 
cause  the  prostate  was  already  satisfactorily  covered  by 
the  p  resc  riled  dose  (92.8f  j  prior  to  the  D IL-  boost  Tie  dif  - 
ferencewas  statistically  insignificant  with  p-valueof  0.0537 


Maxi  muni  attainable  level  of  DIL-boost 


Pig.  3.  Under  the  RTOG  0321  dnsimeiric  n^rlrHiMta,  the  majd- 
nkin  aiiah-able  level  af  a  DL-baasi  far  1  5  patients  (A— O). 
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Dose  [%] 


Fig.  4.  Gra^  a  range  PTY  DVH  far  11  patterns  viti.j  Jhwed  -a 

etita  in  l^v^l  &f  :■  L-baa n . 


Fig.  5.  Far  1 1  pan. iarm  v*ha adapted  a ce nail  lews!  a r DIL-baasi,  ihe 
4-jJp  avteid^a  D  L  DVH  oanfWH  iba  nrasetevjm  atiateite  DL-baaii 
plan  |i|>  wtifi  irte  plan  without  beast  |Nh  The  lalidlha  sp-^ph  shows 
if i a  increased  DIL  vdlume  due  id  HLbaast-.THe  nu^inumi  tetrease 
<J1.S£|  was  abiarvad  at  1  KR  dT  the  prescrbed  daia. 

using  non -para  metric  test,  Wilcox  mate  hed-pai  rs  signed- 
rank  test.  The  PTV  coverage  deficiency  occurred  close  to 
the  rectum /bladder  because  of  their  dose  limit,  depending 
upon  the  proximity  between  t he  PTV  and  the  rectum/ blad¬ 
der.  The  PTV  Vi  50 [1]  was  increased  by  5.91,  on  average, 
from  34.51  to  AO. 4%  with  p-value  of  0.002  in  Table  3.  On 
the  contrary,  the  group  average  DIL  DVH  of  the  maximum 
attai  na  ble  D I  L-boost  plan  was  noticea  bly  shifted  into  a  high¬ 
er  dose  range  (from  the  dashed  line  (N)  to  the  dotted  line 
[B)in  Fig.  5)  due  to  the  DIL- boost  with  a  maximum  irrerease 
of  41  .B1  at  1 501  of  the  prescribed  dose  [Max.  (B-H)  of  the 
solid  tine  [B-N)  in  Fig.  5).  Dosimetric  indices  were  signifi¬ 
cant  ty  i  mp  roved  (p-va lue  «:0. 05 )  for  all  1 1  patients  in  Ta  ble 
3.  On  average,  Vl20[1]  was  increased  from  fll.61  to  991 
with  p-value  of  0.001 ,  Vl  50[1]  was  increased  from  40.61 
to  B2.41  with  p- value  of  0.00lr  and  V200[1]  was  increased 
from  13.21  to  33.21  with  p-value  of  0.002.  A  150-150 


DIL-bocst  was  not  attainable  in  fl  patients;  in  4  of  these 
[B,  Fr  J  and  0)„  no  boost  was  attainable  [Fig.  3).  Out  of 
these  fl  patients,  the  bladder  dose  limit  was  violated  in  pa¬ 
tients  J  and  Lr  while  the  rectal  dose  limit  under  requirement 
was  violated  in  the  remaining  6  patients.  The  OAR  dosimet¬ 
ric  parameters  were  compared  between  the  maximum 
attainable  DIL-bocst  plan  and  the  plan  without  boost  in 
Table  3.  The  relative  location  of  bladder  to  the  PTV  was 
different  between  patients  so  that  the  bladder  V75[cc] 
was  patient -specific.  The  bladder  V75[cc]  was  increased 
from  0.44  to  0.53  cc,  on  average.  The  urethra  was  highly 
protected  in  both  of  plans  using  IPSA  planning  and  the 
maximum  Vl25[cc]  value  was  0.22  cc  in  a  DIL  boost  plan 
of  patient  A.  The  urethra  Vl25[cc]  was  slightly  increased 
from  0.03  to  0.0?  cc,  on  average.  In  contrast,  the  rectum 
dose  was  extremely  elevated  due  to  the  dose  escalation  of 
the  DIL  because  the  DIL  was  located  in  the  peripheral  zone 
of  prostate  next  to  the  border  of  the  rectum.  Hence,  the 
rectum  V75[cc]  was  significantly  increased  from  0.23  to 
0.63  cc,  on  average,  by0.4cc  (p-value  of  0.001  using  Wilcox 
matched-pairs  si  ^ed-  ran  Ik  test). 

By  small  manual  adjustment  of  the  class  solution,  the 
1 50— 150  DIL-bcost  was  obtainable  without  any  violation  of 
requirements  for6  out  of  patients  [except  for  patients  B 
and  J )  who  did  not  reach  the  boost  le^el  of  150-150  using 
the  class  solution. 


Discussion 

The  class  solution  in  inverse  planned  HDR  prostate 
braebyt  hera  py  for  dose  esca  lation  of  a  DIL  defined  by  com  - 
bined  MRI/MRSI  is  an  excellent  starting  point  to  explore  a 
customized  set  of  dose  constraints  to  obtain  a  satisfactory 
treatment  plan  for  each  patient,  fcn  this  study,  a  minimum 
of  1501  of  the  prescribed  dose  to  the  DHL  (150-150  DIL- 
bocst)  was  feasible  for  13  out  of  15  HDR  brae  hyt  hera  py 
plans  after  small  manual  tuning  of  the  clas  solution^  com¬ 
plying  with  the  RTOb-0321  dosimetric  requirement.  The 
c  lass  sol  ution  in  t  his  st  udy  may  be  ap  plica  ble  to  ot  her  proto¬ 
cols  [for example,  GEC/E5TR0-EAU  recommendations)  [l2]r 
depending  upon  its  dosimetric  requirement. 

There  was  an  uncertainty  in  the  DIL  delineation  by  trans¬ 
ferring  MRI/MRSI  information  to  planning  CT/MR  either 
manually  or  with  image  fusion.  Inourclinic,  the  DIL  is  iden¬ 
tified  based  on  the  pretreatment  MR  I/MRS  L  Since  most  pa¬ 
tients  had  hormonal  therapy  and  pelvic  radiotherapy  by 
t  he  time  of  HD  R  b  rac  hyt  herapy r  bhe  vdI  ume  of  D I L  was  prob¬ 
ably  significantly  reduced  compared  to  the  pretreatment. 
Hence,  our  DIL  is  probably  an  overestimation  of  the  area 
at  rii.  One  way  of  eliminating  this  enor  is  to  acquire  an 
MR  I  /MRSI  at  t  he  ti  me  of  i  m  plant  We  did  not  have  a  practi  - 
cal  way  of  doing  so  at  the  time  of  this  study.  Because  the 
overall  high  dose  to  the  prostate  and  OAR  is  not  increased 
in  this  study,  we  feel  this  is  a  reasonable  approach. 

De^jite  manual  adjustment  of  the  dass  sol  ution,  two  pa¬ 
tients  in  this  study  failed  to  achieve  the  1 50-1  50  DIL-bcost 
due  to  a  defident  number  of  catheters  implanted  to  cover 
the  whole  prostate.  In  HDR  brachytherapy,  properly  locating 
catheters  into  the  PTV  is  essential  in  obtaining  the  desired 
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T-±fe3 

CempariHn  a  I  daMrlc  parameter  terpen  The  maA.hium  auaiiiife  DL-bAm  plan  arid  Lfe  plan  wltiftit  trj.ii  l-jr  1 1  paiiemi  Mrftildi 
aicw*j  a  esrtrti  fcv^i  at  DL-todsi 

Dainv: tit:  para mrtM  FI-ji  vriih-jji  trj.jiT  Mai.viiuni  dLLdridblc  0  L-ti<jjii  plan  p-V-alue 

PTV 


vioopq 

92.8  ±  1.5  (90.0 -94.7  J 

93.7  ±1.1  f91.9-94.9J 

0. 0537 

vi5apq 

34.5  ±2.S  i2a.i-4a.sj 

40.4  ±3.9  (31  .S-45.5J 

o.oaz 

DL 

vizqpq 

S3.*  ±13  .*  (53.4-95.*) 

99.a±z.5  i9i  .4-iaa.aj 

o.oai 

visapq 

40.*  ±12.0  (23 ,4-40.4) 

SZ.4  ±  2 1 .2  (39 .2— 99.ZJ 

o.oai 

vzoapq 

13.2  ±4.2  r7.1-ZZ.7J 

33. Z  ±  1*.Z  (11.1-59.4J 

o.oaz 

Bad  tier 

Y75[efiJ 

a.4*±a.35  (a  .01-0.99* 

a.53±a.s*  ia.az-o.9Sh 

0.0273 

Reciun 

¥75  [eel 

a.z3±a.i7  ia.ai-a.55j 

a.*3±o.z4  i;a.i*-a.99h 

o.oai 

Urethra 

¥125[ce| 

a.03±a.04  io.a-a.nj 

a.a9±o.os  ia.a-a.zzj 

0.0139 

Vc[%],  pe*cem  v^Iufyk  of  m§an  of  imaresi  reoeiviig  ai  lean  jift  at  The  prescribed  dase. 

V*[oeJ,  atii-jlji^  vdijriK  (eej  at  organ  or  rnaresi  receding  an  l&sii  ■  j r  tt*  preserbad  dut. 

TTe  dana  far  each  ddsinieirici  parameie r  nqraoit  msans  ±siandard  deviation  value  (mHnm-iTiiHlrfurfi  value).  ^-Value  was  cHoulaied 
ls  ir bj  W  fco.«.  nkaierped-pairs  ii^-ped-iankiesi. 


dose  dist  rfouticn  wit  h  a  certai  n  o  pti  mization  technique  such 
as  IPSA,  Ho  dose  would  be  delivered  to  a  specific  lesion 
without  a  catheter.  In  addition,  the  proximity  of  the  PTV 
to  the  rectum  and/or  bladder  could  prohibit  the  1  50-1 50 
OIL- boost.  The  'mo turn e  of  prostate  E  is  46  cc  (the  largest 
prostate  in  this  study)  and  the  number  of  catheters  em¬ 
ployed  implanted  was  only  17,  whereas  in  general  14  or 
more  catheters  are  implanted  for  a  large  prostate.  To  make 
matters  worse,  one  of  the  1 7  cat  bet e is  was  i  mp  lanted  out  - 
side  of  t  he  PTV.  A  bo,  the  rect  urn  is  located  very  c  lose  to  the 
prostate.  Therefore,  the  1  50-150  CHL-boost  under  dosimet¬ 
ric  requirement  could  not  be  attained  for  the  patient  B.  For 
the  patient  J,  the  size  of  prostate  (51.3  cc)  is  just  larger 
t  han  average  and  14  cat  bete  rs  were  well  im  pla  nted  to  ocver 
the  entire  prostate.  However,  both  rectum  and  bladder 
were  located  extremely  close  to  the  PTV  such  that  the  rec¬ 
tal  and  bladder  dose  limits  of  dosimetric  requirements  were 
violated  in  150-150  D I L- boost  plan  even  though  the  class 
solution  was  manually  adjusted. 

Under  the  dosimetric  requirements,  for  most  patients  tbe 
D IL-  boost  i  r creased  t  he  D I L  dose  com  pa  red  to  t  he  plan  wit  fl¬ 
out  boost  in  Fig,  5.  However,  OIL  V200[®]  was  decreased 
from  14.3®  to  14. OS  for  patient  H.  For  the  patient,  since 
the  ma^mum  attainable  level  of  DIL-boost  was  1  lOS  of 
the  prescribed  dose  as  shown  in  Fig.  3,  the  most  sensitive 
dose  range  of  DIL  due  to  DIL-boost  was  1 10®  orso.  Hence, 
Vl20[®]|  was  considerably  improved  from  53.4®  to  91.4®. 
TheVl50[®]  was  also  increased  from  29. 6%  to  39.2®.  How¬ 
ever,  such  an  insufficient  DIL-boost  in  conjunction  with 
the  dosimetric  requirements  on  GAR  (bladder  and  rectum 
dose  limits),  sometimes,  may  cause  the  decreased  V200[®] 
during  redistribution  of  the  hot  spots  in  the  prostate.  For 
the  patient  iH,  as  a  result  of  the  redistribution  of  the  hot 
spots  in  the  prostate,  PTV  Vl50[®]  value  was  siightiy  de¬ 
creased  in  the  110®  DIL-boost  plan  (31.4®)  compared  to 
t  he  plan  wit  hout  boost  (32.1®).  The  movement  of  hot  spots 


into  the  DIL  lesion  was  also  verified  in  tihe  planning  aria  I CT 
images  showing  isodose  lines. 

In  tjhis  study  the  1 50®  of  the  prescribed  dose  was  used 
for  both  the  minimum  and  the  maximum  dose  limits  of 
the  DIL,  which  means  to  boost  DIL  with  as  least  150®  of 
the  prescribed  dose  as  well  as  to  present  excessive  high 
dose  (more  than  1 50®  of  the  prescribed  dose)  within  the 
DIL  simultaneously.  This  purpose  was  moderately  feasible 
by  relaxing  the  weighting  factor  applied  to  the  maximum 
dose  of  the  inside  of  the  DIL  with  the  value  of  5  instead 
of  30  applied  on  the  surface  of  the  OIL.  As  seen  as  a  solid 
tine  in  Fig.  5,  the  increase  of  DIL  volume  due  to  the  DIL- 
boost  has  a  maximum  value  at  the  vicinity  of  1 50®  of 
the  prescribed  dose:  on  average,  a  4l  .4®  increase  in  abso¬ 
lute  volume  from  40.6®  to  42.4®  at  the  150®  of  the  pre¬ 
scribed  dose  under  the  requirements.  This  can  be 
interpreted  that  the  most  sensitive  dose  of  DIL  to  dose 
escalation  using  the  class  solution  obtained  in  this  study 
was  1  50®  of  the  prescribed  dose. 


Conclusion 

A  dass  solution  was  developed  for  dose  escalation  of  a 
DIL  defined  by  combined  .MJri/MRSI  in  inverse  planned  HDR 
prostate  brachytherapy.  Using  the  dass  solution,  a  certain 
level  of  DIL-boost  is  feasible  for  some  patients  (111/15)  un¬ 
der  the  RT OS -0321  dosimetric  requirements  depending  on 
rectal  and  bladder  doses.  Whi  Je  t  he  PTV  dose  was  slig  htiy  i  n- 
creased,  t  he  D I L  dose  was  noticeafa  ly  en  ha  reed  (o  n  ave  rage, 
42®  of  the  DIL volumecould  receive  1 50®  of  the  prescribed 
dose)  without  any  violation  of  the  dosimetric  requirements. 
With  further  adjustment  of  the  class  solution,  the  DIL  could 
be  boosted  by  150-1  50  for  13/15  patients  while  satisfying 
the  dosimetric  requirements.  Henoe,  the  established  clas 


r.  tfim  et  Ol.  7  flddftUl OlCOiOgy20  (2D0B}  U3-155 


155 


solution  fora  DIL-boost  is  a  ?ood  starting  point  to  &xp  lore  a 
customized  HDR  prostate  b  rac  hrythera  py  plan  for  a  specific 
patient 
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